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REMARKS 

Entry of the foregoing, re-examination and reconsideration of the subject matter 
identified in caption, as amended, pursuant to and consistent with 37 C.F.R. § 1.111, and in light 
of the remarks which follow, are respectfully requested. 

Claims 8-10 have been amended to replace the expression "the thermoplastic elastomer" 
with —the thermoplastic elastomer (A)—. No new matter has been added. 

Upon entry of the Amendment, claims 1 -42 will be all the claims pending in the 
application. 

I. Response to Claim Objection 

Claims 8-10 were objected to for informalities. Applicants respectfully submit that the 
claims as amended do not contain informalities. 

As noted above, claims 8-10 have been amended to adopt the language "the 
thermoplastic elastomer (A)," as suggested by the Examiner. Accordingly, the Examiner is 
respectfully requested to reconsider and withdraw the objection. 

II. Response to Rejection under 35 U.S.C. § 102(b) 

Claims 1-15 and 29-33 were rejected under 35 U.S.C. § 102(b) as being anticipated by 
U.S. Patent No. 6,191,210 to Rosch et al. Applicants respectfully traverse the rejection for the 
following reasons. 

Independent claim 1 recites a solvent dispersion of a composite resin, which comprises a 
solvent and a composite resin comprising a thermoplastic elastomer (A) and a polymer of 
copolymerizable monomers (B) comprising a monomer having an oc,p-monoethylenically 
unsaturated group and other copolymerizable monomer(s), wherein the thermoplastic elastomer 
(A) is a propylene-based elastomer having a molecular weight distribution (Mw/Mn) of 3 or less 
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as measured by gel permeation chromatography (GPC), and the copolymerizable monomers (B) 
include at least one monomer containing no functional groups. 

By using the propylene-based elastomer having a molecular weight distribution 
(Mw/Mn) of not more than 3 . there can be provided a coating material, a primer, an adhesive, an 
additive, a binder, a film, and a primer for strippable paints and traffic paints, which can be 
applied by spray coating as the resin solution does not undergo separation; which show no film 
surface tackiness when applied to form a coating film; and which result in a coating film 
obtained by using a curing agent having an isocyanate group in the molecule. The resultant 
coating film exhibits superior weather resistance as compared with coating films of polyolefins 
modified by chlorination. In addition, the resultant coating films can exhibit excellent 
adhesiveness to untreated polyolefinic resin films, sheets or molded products. Furthermore; the 
resultant coating films can have excellent heat-sealability at low temperatures (see page 5, line 
17 to page 6, line 5 of the present specification). These effects are also demonstrated by the 
comparison between Examples and Comparative Examples in the specification. 

The Office Action asserts that "the molecular weight distribution for the high-conversion 
free radical polymerization [in Rosch et al.] is in the range of 2-5" (page 5, 1st paragraph of the 
Office Action). Applicants respectfully disagree. 

Applicants advise that a molecular weight distribution (Mw/Mn) of a typical polyolefin 
is not less than 3 . See, e.g., Furumiya et al., Relationship between molecular characteristics and 
physical properties of linear low density poly ethylenes, Pure & Appl. Chem., Vol. 57, No. 6, pp. 
823-832 (1985); and Komatsu et al., Novel polymer with metallocene catalyst, Chapter 4 (with 
partial English translation), 1999. For the Examiner's convenience, copies of these two 
documents are attached hereto. That is to say, a propylene-based elastomer having a molecular 
weight distribution (Mw/Mn) of not more than 3 . which is used in the presently claimed 
invention, is less common. 
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Rosch et ah discloses a radical polymerization of mixture (A) comprising (meth)acrylic 
acid monomer (al) and polyolefin (B) (halogen-free copolymer), which is proceeded by heating 
under ordinary pressure. However, Rosch et al. does not describe a synthesis of polyolefin (B) 
itself. In general, the synthesis of polyolefin is performed under pressure and the resulting 
polyolefin has a molecular weight distribution (Mw/Mn) of not less than 3 . 

On the other hand, as noted above, the propylene-based elastomer used in the presently 
claimed invention has a molecular weight distribution (Mw/Mn) of not more than 3, and is not a 
polyolefin obtained by the common method described above. 

Rosch et al. neither discloses nor teaches a polyolefin having a molecular weight 
distribution (Mw/Mn) of not more than 3, or the above noted effects thereof. 

In view of the foregoing, Applicants respectfully submit that claim 1 and dependent 
claims 2-15 and 29-33 are novel and patentable over Rosch et al., and thus the rejection should 
be withdrawn. 

Ill, Conclusion 

From the foregoing, further and favorable action in the form of a Notice of Allowance is 
believed to be next in order and such action is earnestly solicited. If there are any questions 
concerning this paper or the application in general, the Examiner is invited to telephone the 
undersigned at his earliest convenience. 



Respectfully submitted, 
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Relationship between molecular characteristics and physical 
properties of linear low density polyethyiettes 



Abstract - The relationship between molecular characteristic e and physical 
properties of linear low density polyethylene a (LLDPE) was investigated in 
comparison vith lev density polyethylenes produced by high pressure pro- 
cesses (HP-LDPK) . Differences in molecular characteristics, such as bran- 
ching structure , spherulite structure and solution properties between 
lldps and HP-LDPE were made clear. A comparison of both polymer films in 
an intact strength and neat resistance v&* made. The higher Vicat soften- 
ing point of 1LDPE compared with SP-LDP8 could be attributed to the thick- 
ax lamella of LLDPE than that of HP-LDFE because of the difference o£ the 
branching structures. Some comparisons of T.TJTPS with HP-LDPE on rheologi- 
eal properties and process ability parameters vere tried* There are appar- 
ent differences between both polymers in the dynamic viscoelastic proper- 
tics and the extensianal viscosity development. The melt flew rate value, 
which is widely used as a processability parameter, of LLnps Is more than 
one decade lower than that of HP-LDPE at a given molecular weight because 
of the difference of the molecular dimension. The melt tension, which is 
another processability parameter widely used, of L&EJPB is lower than that 
of HP-LDt»E at a given melt flow rate. The melt tension data also suggest 
that the rtelt tensional properties and processability are mostly governed 
by a nonlinear extentional properties of the raits in a long scale. 



INTRODUCTION 

The manufacturing method of low density poly ethylenes by radical polymerisation under condi- 
tion* of hie/h temperature and pressure (200 * 260 n C, 1000 * 3000 kg/cm?) was found by ln^e- 
rial Chemical Industries in 1933. Later on, a new method for manufacturing low density 
polyethylene* by copolymer! zetion of ethylene and oc-olafins with ziegler catalysts (Ti-cata- 
lyst systems) or Phillips catalysts (Cr-catalyBt systems) under moderate conditions of tem- 
perature and pressure (50 *U 2D0*C,5 ~ 200Kg/cm 4 > was developed. This method for manufactur- 
ing linear low density poly ethylenes (lldpe) by copplymeriration of ethylene ao4 a-olefins 
has suddenly appeared before the footlights since several grades of LLDPB by gas-phase 
polymerization were commercialized by union Carbide Corporation in 1977. However, Du Pont 
^nada and Mitaui Petrochemical Industries had already succeeded in the coawaereialisation of 
the scans typo of polymers toy solution polymerization processes Which ware developed by them- 
selves in 1960 and 1972, respectively . Especially, Mitsui Petrochemical Industries has been 
manufacturing LLDPE by the solution polymerization process having no section for removing 
catalyst residue by applying its own developed *i-catalyst system of high activity. 

- Although- KLDEE-thua developcd-has-been- replacing --nigh-pressure- -low- density polyethylenes 

(HP-LDPB] in various fields of the market, quite a few academic reports on structures and/or 
properties of lldfe commercially manufactured have bawn published (ref - i f 2) ► The Sub-Group 
meeting i*i Japan of iupac worKing Party IV-2-1 has worked to investigate the relatione hip 
between molecular characteristics and physical properties of commercially manufactured LLDPb 
in comparison with KP-LDPE and high density polyethylenes fHEPE> . This report describes the 
result of the experiments and discussions which have been made by the Sub- Group for these 
two years. Molecular Characteristics of LLDPB arc given in the third section, m the forth 
and fifth sections, mechanical and thermal properties and rhcOiogical properties of LLDPE 
are discussed in relation to molecular characteristic 5 , respectively, we believe that these 
studies incorporated herein would be very useful for the accurate understanding of the 
qualities Of LLDPE which will be more prevalent in the future. 



MATERIALS 

Linear low density polyethylenes (LLDPE) employed in this report are commercially available 
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Uneer low density potyethyianas 



Onea which Ware manufactured by solution pOlymeri nation processes of MitsUl Petrochemical 
(tfeo-zex, ultxex) and Dow Chsmical (Dowlex) . other types of polyethylenee Chdpe, hp-ldpe) , 
polybutene-1 and polyoctene-1 Ware also naed fear comparisons. sfcese polymera were 
commercielly manufactured except polyoctenc-1 Which was prepare in tha laboratory Scale* 
The weight -average molecular weights K„, th* molecular weight attributions Mw/H nr the 
densities and the manufacturer's (trade names) are given in labia i. 



TaBLS 1. Molecular characteristics of polymers employed 



^ u Myf/Mn d Hesxn manufacturer 

X 10 g/em a (Erode name) 



HDPE 


5 ^ 15 


5^7 


0.955 ^ 0.968 


Mitsui Petrochemical 


liLDPE 


s ^ ao 


3 W 


0.920 ^ 0-945 


(Hi-zeX) 

Mitsui Petrochemical 
(Neo-zex r tXLUex) 
DOW Chemical 


fiP-UJPE 








(Dowlex) 


IB *V 31 




0*920 ^ 0.929 


Mitsui Polychetaical 


Polybutene-1 


100 


7 


D.915 


(Miroson) 
Shell chemical 


Polyocteoa-1 


10 


6 




[shell Folybuthylene) 
(azperiuBntal resin) 



The Sub-Gro^ XV-2-1-2 (Eastern Europe, Chairman: ET.Stejsfctl} kindly cooperated in deter- 
wining of our LLDPE sa&plea (3 samplos] by a light Scattering method. Unfortunately 
there was difference between their data measured in diphenylmetbane solutions and ours in 
l-chloronaphthalane. Accordingly, we could not adopt their data in this report to our 
regret. 



CHAPJkCTEfitSTIC STRUCT OR Eg AHE> PROPERTIES OF LINEAR L0M DENSITY P0I.YETEYIEN5S 

libPB is different from HP-LDPB in the molecular structure, such as branching structure, 
molecular weight distribution and chemical composition distribution, and also in higher 
order structure, such as crystalline/ancrpbous atruoture end spherulite structure, m this 
section, the characteristic structures and the solution property* of LLUpe era described in 
comparision With BP-LDPE and a few Other polyolefins. 



Branching structure and, density 

Hp-Idpe manufactured by conventional radical polymerisation has long-chain branchings maln^ 
ly. on the other head, m>PS is e linear polymer with short-chain branchings originated 
from a-olefm used as a oamonomr. Figure 'l shows that the dmsit? of iiOTB decreases as 
the comonomor Content in a chain increases > She density of athylene/4-nethylpentoie-l 
copolymer decreases more rapidly with the comonomer content than ethylene /bntene-X copolymer 
aoea. The reason would be that 4-methyipentelAe-l ia not incorporated into the cystal 
lattice, while butene-1 is easily incorporated into the crystal lattice <r«f . 3) > 




t 2 3 4 S 5 7 
Comonomer conlenUWV. 



8 



Fig. 1. Dansity va, comonomer content correlation for lldpes Open 
Circles and triangles denote for the values for ethylene /butene-1 
copolymers and ethylene/4-methyipantene-l copolymers, respectively. 
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IQu 

(a) hops (b) ll&pe ( C > hp-toe 

Fig. ifcherulite atructures pf polyethylene*: (a);d-0*968, (b) 7 d=0.920 (c);dM3.929 

Sphcrulite structure 

Picrure 2 stows spherulite structures of HDPB, LLDPE and HP-LDPE. The differences among them 
are fairly clear. HDPE has the well-grown spherulite structure, on the other hand, LLDPE 
haa the email and indistiner spharulite structure because tha short-chain branching hinder 
the crystallization and the formation of spherulite. This is more remarkable in the case or 
HP-LDPB having loner-chain branchings. These facts shows that the shape and si*e of 
spherulite* of the polyethylene* are strongly dependent on the length and frequency of 
branching in the molecules. 



Solution property 

The whole polymers of HDPB, LLdps and EP-I3P2 were fractionated by a column fractionation 
method- Then, the weight-average molecular weights Hy of the fractions were measured by a 
light scattering method in 1-chloronapfathalene at I35»C. The intrinsic viscosities In] were 
measured in decalin at 13S-C. Relations between and [n] for different series of 
polyethylene* are shown in Fig, 3. (n) of slope is almost equal to that of hdPe at a same 
M w , but higher than that of HP-LDPB. This result well corresponds to that obtained through 
the comparison between hops and HP-Ldfe by Trementoszi £ref , 4) . The result shown in Pig. 3 
suggests that the ittolecular dimension in decalin solution fox HP-LDP E having long-Chain 
^^^ V9 !^^f B ? ll6r that for ^ly»thylefl©s of the same M tf . m the case of 

BP-LQPE, the higher tha molecular weight becomes , the WOM easily the long-ohain branchings 
are formed because of tha increasing opportunity of chain transfer from uolymer radicals to 
polymer chains during polymerization. This is the reason vhy the slope of fjl) vs. VL, curve 
for KP-KffE decreases in the high region as is seen in Pig. 3 . Molecular dimension of 
polymer Chain having many long bmchings is much smaller than that of linear counterpart 
With the cane aoloculax weight- The schematic representations of LXDPE and SP-LDPE chains 
in good solvent are illustrated in Fig. d. 




Mw 



Fig. 3. intrinsic viscosity [nl vs. weight-average molecular weioht 
correlation for fractionated polymers: □ ;3DPE(d-0.560), #; ethylene/ 
bataae-1 copolymer (<M).935) , A? ethylene /octene-1 copolymer (d«0 . 9*9) , 
HP-LOPS (d=O.M$) , 0;polybutena-l, 7;polyoctene-l. of fractions were 
measured in 1-chloronaphthalene at 135-c and [n] of fractions wore 
measured in decalin at 135°C. 

Pig. 4. Schematic representations of LLDpe and HP-ldpe chains in 
good solvent. 
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Figure 3 also shows the relations between Ky and [nj for fractions of poiybu tenia -1 and 
pOlyoctene~l, in which ethyl and hexyl branchings are alternately connected to carbons of 
main chains, respectively. Two straight lines drawn on the [Til date for both polymers ore 
parallel to th&se for HOPE and LLDPB. In] Values for the series o£ linear polyolefins seem 
to depend on the length of main chain, jn Fig, 5, till values of the four series of poly- 
olefins (HDSB, LfcDPE, polyoutene-1 and polyoctene-I) arc plotted against the 'weight-average 
molecular weights of win chains . For polybutene-1 and polyoctene-1, H^^iUDn^ and 
= fl/4)M w , respectively. It is apparent from this figure that linear polyolefins with the 
same main chain length have approximately the same molecular dimension in good solvent r 
regardless of length of short-chain branchings. Taking a good look at the figure, the data 
points for polvbutene-l and polyoctcne-1 are located a little lower than those for the 
linear poly ethylenes. The reasonable explanation for this difference has not COS* Out yet. 




092 053 
Density , gyem 3 



Fig* S» Intrinsic viaocsity tljl vs. height- average TOlBCular weight 
of main chain M^ T correlation for fractionated polymers. Symbols 
ore the 9*tm as in Flu-. 3» 

Fig* 6. impact strength vs. density correlation for LLOPE and HS-IZ3PE 
films: Open circles and star* denote tha values for elePS (MFX=2^3) and 
HP-LDPE(MFRM2^3) y respectively* Tubular films were tasted at room 
temporature. 



MECHANICAL BHD THERMAL PROPERTIES OF LINEAR KM D3ENSDM POLYETHYLENE FlXKS 

As was seen in the preeeeding section, molecular characteristic* of LLnpg are different «rom 
those of HP-LDP6 in spite of similar density of both polyethylene*. Accordingly, it is very 
important that the physical properties of both polymers of the same density are compared 
with each other and differences are made clear, in this section, such a comparison of both 
polymer films in on impact strength and h*at resistance have, bean made. 



impact strength 

One of the physical properties of LLDPE film superior to that of HP-MFE film is the 
extremely high impact strength, line film impact etrengths Of LLDPE and HP-LDPE measured by 
the film impaqt tester (^oseiJei Co J at room te mperature are plotted again at the density 
- iir-Fig.-6. Tested sables are 20\m tfile* and of similar melt flow rate User). As is "shown" 
xn this figure, LLDPe film gives about two times higher impact strength than HF-LDpe film at 
the same density. 

As a major factor to improve tha impact strength, the existence of impact relieving portion 
is conceivable. Tha storage modulua £• and loss modulus E" of two ILDPEb and HF-LDPE were 
measured by Hhaovibron-II at 110 Hz. Ho difference in tha visceelastic properties Has 
recognized among them as shown in Fig. 7. tfhen, elctron microscopic investigation of the 
fracture portions of polyethylene films at room te^eratura revealed that ductile fractures 
^veloped mainly. In fact, Fig. 8 which exhibits the result of high speed tensile test 
(tensile speed is lOOOmm/nin), clearly shows the much higher tensile strength ana elongation 
for LLDPB film than for HP-LDPE film. 

Considering this experimental results from the view point of higher order structure, there 
presumably exist more tie molecules connecting the lamella of LLOPE having, long main chain 
than HPHWPB having short main chain due to long-chain branching. Consequently f LLDPE 
shows the higher toughness (the total energy absorbed to the break point) and tha higher 
impact strength than Hp-lope . g 
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fig. 7. Storage modulus (S 1 ) and loss modulus (S n ) of polyethylenes aB 
a function of temperature at 110H2. Open circles, triangles and closed 
circles denote the valuax for a thy lene /butane- 1 copolymer (d=0-935, mfr* 
1.6) r b thy lane/4 -mathyLpenteno-l copolymer (d-O. 920 , KfS=2.1) and HP- 
LDPE(d>0.921 f MF2W2.9) r respectively* 2 C and E" ware measured by 
Kheovlbron-Xl . 

Fig. e, Stress-strain curves for LLEPS{d-0. 920 f vsamlA) and 
HP-LHPE(*-0.321, HFEWi.g). Tensile speed is 10o0mm/min. 



Heat reajB^w^e 

As a yard-sticfc for judging the use -limitation, at nigh temperatures, the VLcat softening 
point ±5 generally used. Aa is understood from FLq. 9, LLDFE has the Vicat sorting point 
about 10 "C higher than fiP-lOPE of the sane density + suggesting that L&DPE is superior to 
HP- LDP? in terns of the ha at resistance. The data for HOPE are located on the extension of 
thoBe for I-LDFE. 

Figure 10 shows DSC melting behavior Of EUDPE and UP-£DPE of almost the sane density 
(d=0.920 and 0,921, respectively) . HF-1£PE gives a broad pattern o£ melting vith the peak 
at 107 »C. On the other hand, UnPE shova three peaXs in the DSC melting endotharra at 
106, 119, 123 Considering th» fact that each fraction of LLDPE by chemical composition 
shows a respective sinpl* peak, the overlaying pattern of DsC for iotpe would be due to tne 
Che&ical composition distribution. 
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Fig- 9, Vicat Softening point vs» density correlation for polyetby- 
lenss. Squares, open circles and stars denote tbe ValuCa for H0PE(MFR= 
5*10), LLOP2CMFRM>.2M) and HP-LDflPE (MFR=**3) , respectively. 

Pig. 10. DSC curves for nolye thy lenes = HOPE (MPRpS , d=0,96B) , UJDPE 
CHFH=2, d=0.920), HF-LDPJ5 (MFR=3 , d«0.921). Data vers taken with 
DSC- II (Perkin-Slmer) . 
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A good correlation btttreen the melting point determined by DSC and the lauyslla. thicXness 
measured by a Raman spectroscopic method for HP-LDPE and fractionated lldpe is shown in 
Fig. 11- in this figure, a (LLDPE) and b (HP-LDPE) are of approximately the same fienBity, 
i.e. 6V0.92D <V 0.921. It is conceived thftt the lamella of flp-LEPS can nor, orow thick chae to 
the existence of the long^-chain branchings, en the other hand, the thicX lamella of LLDPE 
is resulted from that the linear structure affects positively the -omation Of perfect 
lamella. Accordingly, the hiohor melting point of LLDPE than HP-LDPB of the same density 
would be attributed to the thlctaar lamella of LLDPE than HP-LDPE because of the difference 
o£ the branching structures. 
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Fig. 11. Meltin* point ve. lamella thickness fL> correlation for fcP-LOTE 
and fractionated LLDPE. Open circles and Stars denotes LLDPE (d^o , 940 ^ 
0.931) and HP-LDP8 (d=0. 928 0.920) , respectively. 

Fig. 12. Frequency dependences Of dynamic storegm modulus G' (w) and 
lose modulus G" (w) for a hp-ldpe sample (A) and two LLdpe samples 
(» and C) at 130 # C- The weight-average molecular weights of the 
samples ate indicated in the figure. 



RKBOLOG1CRL PROPERTIES AND PROCBSSAfiltKY 07 LINEAR LOW DENSITY POLYCrHVL^IES 

tfhe jprocessability o£ polymeric materials is closely related to the rheoiogical properties 
in the molten state. As is well known, for example, the bubble stability jn the film blowing 
process of LLDPE is much inferior to that Of HP-LDPE with a similar melt flow index. This 
unstableness often mates problems in processing of the commercial polymers* But the reason 
has not fully understood yet- Accordingly , it is significant to investigate the rheolooical 
properties of lldpjs in the molten state and the procsssability of the same material* 

Xn the present section/ some comparisons o€ LLDPE with HP-LDPE on various rheoiogical 
properties and process ability parameters are tried and the origin of the difference in 
Pf9^?5a^lit^ between.. the. two.jtypes.of Commercial poly ethylenes is discussed in terms of 
the rheoiogical properties, tor better comparisons , the three particular samples, one of 
HP-LDPE (A) and two of LLDPE JH and C) were picked up from various samples shown in Table 1. 
Tht vfeightraverage molecular weights measured in l-chloronaphthal*na at 1^5 B c, the 
intrinsic viscosities fn] measured in decalin solutions at 135°C and the molecular weight 
distribution f °r the sample A, B and C are as follows. 

• a (HP-LDPE) 5 }^ - 1.79 x 10 s , (n_3 ■ 1-07 dl/g, = 6.4 

B (LLDPE) : M„ - 7.3 x 10\ lT\) m 1.50 dl/g, M^/l^ 1- 4-5 

C (LLDPE) a = 1.09 x 10 s , fn] = 1.86 dl/g, M^/M^ . 7.0 



Dynamio viseoelaatje properties 

l5ie frequency dependences of the dynamic linear vise ©elastic functions, the storage shear 
modulus G' (id) and loss modulus G"(»), of HP-LDPE (a) and LLDPE <B and C) measured with a 
Rheonetrics Mechanical Spectrometer are shown in Tig. 12. The weight-average molecular 
weights for the samples are show* in the figure. 



fi30 



COMMISSION ON POLYMER CHARACTERIZATION AND PROPERTIES 



The frequency dependence- curves of LLDPB melts are clearly different from those of HP-LDPE 
in the shapes; Both G* and G" curves for LLDPE are much Steeper than those for HP-LDPE. 
flhis suggests that the distribution of relaxation tiass is broader in HP-LDPE as Compared 
with that in LLdps* It is veil known that the broader molecular weight distribution (ref, 
5) and branching of the polymer chain (ref. 6,7) make the distribution of relaxation times 
associated with the entanglement slippage in the polymeric liquids be broad. On account of 
the similarity in H^/K^ values for the samples, Fig. 12 presumably shows the effect of 
branchings rather than that of molecular weight distribution, although one can not be sepa- 
rated exactty from the other in this figure. The same observation is possible in the flow 
curves , the relations between Shearing stress <T and rate of shear for LLDPS and HP-LTEfi 
samples with similar melt flow rates as shown in Fig. 13. o~ V*. f relations are often 
regarded as giving a similar information to G" vs. 03 relations. Shearing stress values of 
LLDPF, and HF-U5PJ5 sample used hare are not Car off at low rates of shear, suggesting near 
aero-shear viscosities. However , the difference in a of the two samples becomes greater 
with increasing rate of shear owing to the difference in slopes of the curves , which was 
also observe a G" vs. u ourves for the samples K and C in Pig. 12. 



Extensions! viscosity development 

in connection With the polymer processing, especially with film blowing and blow moulding 
processes, the extensional properities of materials i» the molten state are undoubtedly 
important. Sfte extensional viscosity development curves for the three somplea are shown in 
Fig. 14. (Ehe extensional stress development o£(t) as a function Of time after applying a 
constant rate of strain. £ was Measured with Kei*snBi-type {ref. &) of apparatus. Then the 
extensional. viscosity njj (t)*af/e was calculated. n£ includes not only viscous effects but 
also elastic Ones caused by the deformation of toacromolecular Chains in the molten 
materials. The experimental results measured at three rates of strain (I, LI and lit) for 
each sample (A, B ox c) are drawn as illustrated in the figure. 
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Fig. 13. shearing stress o* and rate of shear f relations for typical 
eamplea of LLDPE and HP-LDPE at 190»C* - 

Fig* 14. Sxtensional viscoeity development CuTvea for a BP-LDPfi (Aj 

and two LLdpe (B and C) at 130 °C. 



The linear 11 curves ia the figure (I) were calculated from the linear vicoeUstic functions 
G' and G" shown in Fig, 12 and correspond to nj<t; when £ -r Q. 

The n$ at finite t exhibits a n up-turn deviation from the "Linear" line in long time region 
and it becomes mora remarkable with increasing The curves for LLDPS sables (b and C) 
are similar in the shapes but different ia the values? the sample c having higher molecular 
weight gives higher extensional viscosity, nfe curves for HP-LOPS (A) are quite different 
in shape fircm those for LLDPE. The viscosity development is much faster in short time 
region and the up-turn deviation from "Linear* curve is much more marked at long times The 
axtensicnal viscosity of J£P-ldpe becomes the highest ajwng the samples at the long^tiiaa and 
of the curves, although it was the lowest at ahort-tima and. This behavior would also be 
due to the long-Chain branchings of KP— LDPfc. 
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Welt flaw rate 

The Wait flow rate or malt flow Index htts been widely used as a common measure for judging 
the pro cess ability Of commercial thermoplastic materials. Jft Fig. 15, the molecular weight 
dependence of melt flow rate, MFR, for LLDPE are compared with that for HP-LDPE. The WFR 
was measured under the weight o£ 2kg at 190°C according to ASTK D1238E. Among the data 
points for various sables given in Table 1, those of the particular samples A, b and c used 
for the measurement of rheological properties shown in Pig. 12 and 14 are marked by the 
sample codes. 

The slope of the straight lines is -2.9, suggesting that MFR is proportional to V" for 
both materials. This power index 2.9 is a little lower than 3.5 , the Wall known number for 
the molecular weight dependence of viscosity. The lower dependence is, of course, due to 
that MFR is a flow rate at fisted shearing arrets in tha non-Newtonian flow regime. As is 
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Fig. 15. Malt flow rate, MFfc, plotted ayainst weight-average molecular 
weight for HP-LDPE and £LD?E. A, B and C correspond to the samples 
used in Figs, 12 and 14. 

Fig. 16. Melt flow rate, KFR, plotted agaiaet intrinsic viscosity [Til 
for HP-ttttE and LLDPE. A, B and C correspond to tha Samples used in 
Figs. 12 and 14. 



seen from thia figure , value of LLDPE is more than one decade lover «-H«n that of HP- 
LDPB at a Eame molecular weight i tha viscosity of LLDPE is highar than that Of corrasponding 
HP-LDPE. Thaae difference is clearly due to the fact that the molecular dimension' Of LLDflE 
is lar?©r than that of HP-Ldpe as discussed in the previous section (solution property) and 
also illustrated in Fig. 4. 

MFR values Of the same aamples as thos« in Fig. 15 are plotted against the intrinsic 
viscosity [n] in Fig, IS. The zero -shear viscosities Ho of branched polymer melts and the 
linear counterparts have been found to be successfully expressed (ref , 6*7,9-12) by a unique 
line whan those are plotted against the molecular dimension and/or intrinsic viscosity* 

m the cast of the polyethylenes studied in this report, however, the data for HP-LDPE did 
not fall on the line for XXPP2 as Can be seen in Fig, IS. The reason would be that the 
ELDPE is not exactly the counterpart of the branched low Oensity polyethylene. 



Welt tension 

Besides the melt flow rate, the melt tension, MX, has also widely used fox the evaluation of 
orocessability of commercial polymers. Tpe Ell become a more significant in the case that the 
extencional deformation and elastic properties play a important role in polymer processing 
such as film blowing and blow moulding. The MT data are plotted against the KFR for LLDPE 
and HP-LDPE samples in Fig. 17. The WT was measured under the conditioner the extrusion 
speed of Itam/min, take-up speed of 12,6w/min and the die diameter of 2.1mm. Both series of 
polyethylene samples make the respective linear relations between log mt and log MFK. At a 




Fi$. 17. Melt tension MP plotted 
against Belt flow rate MFR for 
HP-EDPE and m>PE. A, B and C 
correspond to the samples used in 
Figs. 12 and 14, 



Fig. IB. Melt tension to plotted against 
weight-average molecular weight ^ for HP- 

and LIDPB. A, B and C correspond to 
the sample o used in Pigs. 12 and 14. 



same value of WFH, of HP-LDPK ia higher than that of LLM* P suggesting that the bubble 
stability of fxlra blowing process is worse for LLDPE as CCavared with that for HP-LOTS. It 
5f that tha ° rder of values of the sables A,B^C indicated in this 

figure xa exactly the same as that of the extension*! viscosities in longtime region at 
finite rates of strain (II and US) as shown in Tiq. U. This fact siesta that the melt 
^h?^ E^PPcrtifiS and processability in film bowing are mostly governed by a nonlinear 
(at niern rates of Strain) ex torsional properties of the melts in a Ion? tiina scale. 

1& the mouoular weight dependences of Mj for the two series of ^ethylenes, 

Tte MX strongly depends on molecular Weight and the values of LL&PS i* higher than that Of 
Hy-IOTE at a aaifi ^ but not at same MF» as Was shown in Pig. 17. It can finally be 
oonelnded that a high KF* (= a low viscosity at low rates of shear) and a high MT (= n high 
nonlinear extensional viscosity at long times) are necessarily required to attain a better 
processahility of polyethylene*. These somewhat Contradictory requirements would bo 
^ Ia* 7 ^ U * 0at Chal119 * U 9 hfc3 ar crosslink** to give a branched macules D r 

By mending a email amount of Ion* blanched polymer to the linear polymer. 
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Chapter 4 Polypropylene 

Polypropylenes (PP) have been conventionally produced 
with a Ziegler catalyst. Yet, with the use of a metallocene 
catalyst, a novel PP which has not been obtained with the 
conventional catalysts can now be obtained and thus is 
attracting attention. In the following, the illustration is 
provided of a PP obtained with the metallocene catalyst 
(metallocene PP) compared with a conventional PP obtained with 
the Ziegler catalyst (Ziegler PP) . 

4.1 Outline of Polypropylene 

(1) Types of Polypropylenes 

With regard to PP, there are three types of isomers in 
terms of the stereoregularity of the polymer: isotactic 
polypropylene (iso-PP) , syndiotactic polypropylene (synd-PP) 
and atactic polypropylene (atact-PP) (See Chapter 2, Section 
2.2(2)®) . 

Conventional and commercial PP are mostly iso-PP and are 
usually called, simply, polypropylenes (PP) » 
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(Partial translation) ° ; 

4.3 Nature and Market of Metallocene Isotactic Polypropylene 

The iso-PP obtained with the metallocene catalyst has 
narrower molecular weight distribution and also has properties 
such as melt tension and transparency, compared with the 
conventional iso-PP obtained with the Ziegler catalyst. 



Fig .4.3 Comparison of Molecular weight distribution of iso-PP 
(GPC curve) 

(1) Molecule Property 

® Molecular weight distribution 

The Ziegler-iso-PP has 4 to 10 of Mw/Mn (an index of 
molecular weight distribution) whereas the metallocene iso-PP 
has approximately 2 of Mw/Mn and has a uniform length of 
molecular chain (Fig. 4.3 and Table 4.4). 
(D Stereoregularity 

The metallocene iso-PP has a high stereoregularity and 
its production hardly by-produces atact-PP. 
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